I. INTRODUCTION
Nowadays, transport systems play an important role in global economy, with a recognized impact on growth, employment and quality of life. On the other hand, road transport sector is responsible for the consumption of more than 60% of global crude oil production [1] . In fact, this sector is mainly based on the use of fossil fuels, which have gained a large acceptance in the past, justified by their advantages in terms of energy density and cost. Nevertheless, the wide use of fossil fuels is considered strictly related to the high concentration of greenhouse gases (GHGs) and air pollutants into earth atmosphere. This concentration is rising at alarming rates, showing relevant effects on global warming and human beings' health [2] . In addition, crude oil price fluctuations, due to limited reserves and political instability of producing countries, have been largely deemed to have both direct and indirect impacts on the global economy [3] .
The above issues have encouraged the scientific and technological interest towards new mobility systems, which can be considered sustainable from both an economic and environmental point of view. On this regard, the feasible alternative to conventional oil-based road vehicles might be represented by electric and plug-in hybrid vehicles (both also referred with the acronym 'PEV'), because they are characterized by high values of well-to-wheel conversion efficiency and reduced tailpipe emissions. Moreover, fleets of PEV, connected with the main grid during their charging operations, can be considered as a useful resource to support the integration of renewable energy sources (RES) with the distribution network. In fact, typical electric power fluctuations of RES can be balanced through coordinated charging and discharging operations of a large number of PEV, which are managed as virtual power plants on the base of different aggregative schemes proposed in literature [4] . Despite the above advantages, the market penetration of PEV is still very slow. In fact, their reduced autonomy and high charging times are identified in the literature as the main technical bottlenecks for a large acceptance of PEV by the great part of the users [5] .
Recent energy storage technologies, based on lithium compounds, are now able to guarantee acceptable performance in terms of energy and power density. Therefore, the new generation of PEV is characterized by an autonomy, in fullelectric mode, up to 150 km. This autonomy can be considered suitable for urban use and for the daily travel range covered by the large majority of users, which is generally lower than 50 km [6] . On the other hand, it is clear that, in order to support the use of PEV also for longer travel distances, the widespread diffusion of a proper charging infrastructure is required. This charging infrastructure could be based on large-scale networks of fast charging stations, with charging times comparable with the refilling times of traditional vehicles. Unfortunately, the reduction of charging times involves high electric power requirements from the main grid, which might not be designed to support simultaneous fast charging operations of fleets of PEV. These issues can be addressed in a smart grid scenario, through the development of specific power architecture where PEV are charged in an efficient and clean way, thanks to the intelligent integration of renewable energy sources and stationary energy storage systems, supporting the main grid in its interaction with the plugged PEVs.
In addition, the control and management of such charging infrastructure poses significant challenges, because recharging of electric vehicles have to be coordinated with the local electric grid capabilities. To this end a charging controller and management system is a crucial component of the recharging infrastructure [7] , and it is needed to: i) collect data from vehicles and charging points, ii) coordinate charging rates and schedule charging times at different charging points, iii)
978-1-5090-2067-6/16/$31.00 ©2016 IEEE 2016 International Symposium on Power Electronics, Electrical Drives, Automation and Motion dynamically adapt control decisions when condition changes, and v) to send control instructions to charging points. Today, most of the existing charging infrastructures adopt proprietary and closed solutions that hinder scalability and interoperability among different PEV charging networks. On the contrary, analysts suggest that an important precondition for the success of electrical mobility is the availability of easily accessible recharging infrastructures, that avoid the risk of customer lock-in [9] . Thus, charging stations operators should adopt charging control and management solutions based on open standards, to ensure interoperable communications between various charging stations, as well as a common information model for data exchange. Today, the de facto standard for communications between charging points and a central controller (also called central system) is the Open Charge Point Protocol (OCPP) [10] , which is defined and promoted by the Open Charge Alliance (OCA), a global consortium of public and private PEV infrastructure operators and EVSE (Electrical Vehicle Supply Equipment) manufacturers. As explained in detail in the following section, OCPP not only specifies a set of standard messages for exchange data and commands between charging points and central systems, but it also supports "smart" charging policies for the definition of personalized charging profiles and optimal PEV integration with the main power grid.
II. PEV INTEGRATION IN THE SMART GRID SCENARIO
As reported in the Introduction, the diffusion of fast charging infrastructures can be efficiently supported by a specific architecture, which combines the use of power electronic devices with smart ICT platforms based on open communication standards. In particular, as reported below, different configurations of power architecture can be considered for PEV integration with the main grid. These configurations can be supported by a charging control and management system based on the OCPP protocol.
A. Power Architecture for PEV Integration with Main Grid
The integration of PEV, stationary energy storage systems and RES with the main grid can be supported by the use of microgrid power architecture. Microgrid architecture is able to operate in parallel to the main grid, both in islanding and in transition modes, controlling the local voltage and frequency, and protecting the network and equipment connected to the microgrid. In this power configuration the management of power exchange among distributed load and generation units is performed through the coordinated control of power electronic devices [11] [12] . The microgrid architecture is generally based on the use of either an AC bus or a DC bus.
The use of AC bus microgrid is justified by the fact that the existing transmission and distribution infrastructures are designed to work in AC. As a consequence, the great part of electric loads, in industrial and domestic sector, are required to be supplied with single-phase or three-phase AC Voltage. The main operative scheme of an AC bus microgrid is reported in Fig. 1 [11] [12] [13] . In this case, the energy fluxes among vehicles in charge, stationary energy storage systems and RES are managed through the proper control of AC/DC converters. In addition, vehicle to grid operations involves the interaction among the distribution network operator and the battery charger of each vehicle. In recent years, the electric network is affected by a radical change aimed to support the integration of distributed loads and generation units working in DC. This change is the consequence of a new scenario, characterized by the growing diffusion of RES generation units, plug-in electric vehicles and stationary energy storage systems. In this scenario, the use of DC microgrid architecture presents relevant advantages in terms of conversion efficiency and energy fluxes management. In fact, electric energy storage systems, both for stationary and for vehicle applications, interact with the main grid through charging/discharging operations, which are performed in DC voltage. In addition, also photovoltaic systems generate energy in DC voltage. In this case, as clear from the scheme reported in Fig. 1 , the connection of these generation units with an AC bus is realized through DC/AC conversion stages, which are followed by another DC/DC conversion stage to supply DC loads or PEV in their charging operations [11] [12] [13] . In DC microgrid the DC bus is obtained through the use of one single AC/DC power converter (also called Grid Tied Converter), which connects the microgrid with the distribution network. DC loads, PEV and RES generating units are integrated in the microgrid by means of high efficiency DC/DC power converters. The proper control of these converters allows the management of the energy fluxes within the microgrid components. In this case, the vehicle-to-grid operations can be performed through the simultaneous control of DC/DC and AC/DC bidirectional power converters. For this reason, fleets of vehicle performing V2G operations can be easily considered by network operators as one single high power generation unit [14] . The main drawbacks of DC microgrids are related to their higher initial cost, compared to AC architecture, mainly due to the high cost of DC power electronics and equipment.
DC microgrid architecture can be used to reduce power requirements from the main grid, during fast charging operations of PEV. In fact, the unexpected increase in power demand, related to simultaneous fast charging operations, is considered cause of transformers overload and voltage droops for the electric distribution network. In this case, the use of specific DC architecture allows the efficient integration of stationary and distributed energy storage systems through the proper control of bidirectional DC/DC converters. When PEV fast charging operations are required, each storage unit act as power buffer, in order to reduce the power requirements for the main grid. For the above reasons this kind of architecture, whose operating scheme is reported in Fig. 2 , is also called buffer architecture [13] [16] . With this configuration, the power required to perform PEV fast charging operations is composed by two different terms. The first term, depicted in Fig. 2 with the thin violet arrow, represents the amount of electric power coming from the main grid, through the AC/DC bidirectional power converter. The second term, depicted in Fig. 2 with the blue fat arrow, is representative of the amount of power coming from the energy storage buffer. It is clear that the energy storage buffer can supply the higher amount of electric power required for the PEV charging operations. In this way, the power requirements from the main grid are strongly reduced and the AC/DC power converter can be conveniently and efficiently downsized. In fact, role of grid tied converter is limited to charging operations of the energy storage buffer. These last operations are not considered power demanding for the main grid since the energy storage buffer can be slowly recharged during the night, supplying also load levelling services.
B. OCPP architeture and protocol
The OCPP protocol is used to support charging management and control. It is based on a centralized architecture, i.e., there is a centralized entity, called Central System (CS), which controls a set of Charging Points (CPs) connected over a communication network, and has the information for authorizing users for using its CPs. Note that a CP is any physical system where an electric vehicle can be charged, with one of the connectors 1 available at the CP. The diagram flow of a charging session in OCPP is illustrated in Fig. 3 . A PEV requests a given amount of energy during a charging session, and the energy can be transferred only during a transaction, defined as the part of the charging process that starts when all relevant preconditions for charging 1 A connector is defined as an independently operated and managed electrical outlet on CP. This usually corresponds to a single physical connector, but in some cases a single outlet may have multiple physical socket types to facilitate different vehicle types.
(e.g. authorization, plug inserted) are met, and ends at the moment when one of these preconditions is violated. During a transaction there may be multiple energy transfer periods, which are the time intervals during which the PEV chooses to take the offered energy, or to return it (e.g. if V2G services are supported by the charging infrastructure). It is important to point out that the energy transfer periods are separated by suspension phases that can be EVSE-initiated or PEVinitiated. For instance, a PEV can suspend the energy transfer, even if it remains electrically connected to the EVSE, to protect the battery life in case of overheating. On the contrary an EVSE can suspend the transfer of energy to enforce a specific charging profile. 
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One of the key OCPP features is the support of smart charging, i.e. the ability of the CS to influence the charging process of a specific PEV, an entire CP or a group of CPs. Specifically, the CS can determine the charge power and current of a specific connector at specific points in time based on the energy transfer limits that are specified in the charging profiles 2 . OCPP specifies three types of charging profiles, depending on their purposes:
x ChargePointMaxProfile, to limit the power or current to be shared by all connectors of the CP; x TxDefaultProfile, the default schedule for new transactions; x TxProfile, to impose a specific profile for the duration of the current transaction only.
It is possible to create complex charging schedules by stacking together multiple profiles (of the same type) and assigning a precedence to each profile, or by creating a composite profile that mixes different types of charging profiles and takes the minimum value for each time interval.
Clearly, these smart charging capabilities will be used to support internal load balancing in a CP (e.g. through a local controller) or to allow a tighter integration between the distribution network and the charging infrastructure.
Finally, it is important to point out that the OCPP protocol defines a rich set of standardized messages, used to manage various functions, including CP configuration, transaction management, meter data collection, alarms and notifications. OCPP specifies the message format and the interaction model between CS and CPs and also the data model of the message content. Fig. 4 shows the sequence diagram for the most important messages that are exchanged between the CP and CS to start (and stop) a transaction. Initially, the CP has to authorize the connected PEV. Then, the CP informs the CS about the transaction that has been started. At the end, the transaction is closed by the CP and the CS receives the transaction usage details that are relevant for billing purposes. For additional details on the message types and purposes the reader is referred to [10] .
III. LABORATORY SET-UP
A. DC Fast Charging Station prototype A 1:1 scale laboratory prototype has been realized in order to validate and verify the performance of a DC microgrid based on buffer architecture in its main operative conditions. The prototype is based on the block scheme reported in Fig. 5 . As shown in the above figure, the 790 V DC conversion stage is obtained by means of an AC/DC bidirectional converter, which is connected to the low voltage AC grid through a 20 kVA isolation transformer. This transformer is required for safety reason since the power converters are not provided with galvanic isolation. A bidirectional DC/DC power converter interfaces the buffer with the DC bus in order to perform charging and discharging operations, whereas the integration of PEV battery pack is realized through a unidirectional DC/DC power converter. Both the above DC/DC converters are equipped with embedded control boards, which can be remotely controlled by means of analog and digital signals. In particular, an analog voltage signal can be used to perform charging operations of PEV battery pack, taking advantage of the 'energy storage current reference' control mode. A digital signal can be used to select the direction of power flux (ES charge/ES discharge) related to the bidirectional power converter. In addition, this converter is designed to support both 'energy storage current reference' and 'DC-link voltage reference' control mode. The first control mode is used to support the main grid, during PEV fast charging operations, supplying energy from the buffer battery pack at a fixed discharging rate. In this case, the discharging rate can be limited through the analog signal related to the energy storage current reference. The DC-Link voltage control mode is used to perform islanding operations of the microgrid, when the buffer battery pack supplies the DC microgrid without any contribution from the grid tied converter. More technical details and characteristics on the above converters and the related battery packs are reported in [17] .
As mentioned in the previous section, the integration of a photovoltaic generation system can be efficiently realized through a DC/DC converter, supporting MPPT control algorithm. For this reason, a 7.6 kWp PV generation system has been set-up to support the main grid during the charging operations of PEV and/or buffer battery packs. The PV generation system is realized with cells based on HIT (Heterojunction with Intrinsic Thin Layer) technology, which is a combination of crystalline and amorphous silicon technology, with the advantage of conversion efficiency values greater than 20% [18] . The main characteristics of the PV generation system are reported in Table I . The control of the DC microgrid and the acquisition of its main electrical parameters, are performed through a custom computer interface, based on Labview environment, aimed to manage the interaction among the remote computer and the external acquisition and control devices. In particular, an NI Compact DAQ system is used for the DC parameters, whereas a smart meter Socomec DIRIS A40, integrated with a MODBUS communication module, is used for the acquisition of AC parameters.
The communication between remote PC and smart meter is based on the RS-485 interface and is realized through the use of two wires, which are twisted together (also referred as twisted pair). An RS-485/USB converter is required for the connection of the twisted pair with the remote PC. The connection scheme of the DIRIS A40 is reported in Fig. 6 . In this case, the remote PC plays the role of master by transmitting specific requests to the DIRIS A40 (slave), in order to read the information located in the slave physical memory. These requests consist in specific strings (queries), which are codified following the ModBus protocol, on the base of the information required. The communication between the remote PC and smart meter is realized taking advantage of the slave interrogation module of the National Instruments MODBUS libraries. This module is devoted to build specific queries on the base of the following input parameters: communication speed (baudrate), serial port identification number, slave address, function code and hexadecimal code of the physical address containing the information required. The remote PC send the realized query to the smart meter, which returns as output a string containing the values of the specific request.
The realized prototype represents an open solution, which can be easily interfaced with an external control system of higher hierarchical level, following different charging profiles on the base of its specific rules and requests.
B. OCPP prototype
A prototype implementation of the OCPP protocol is currently under development. This prototype is based on a single board computer GW5300, which is produced by GATEWORKS and supports a combination of 802.11abgn radios, 4G WiMAX radios, 3G CDMA/GSM cellular modems and other PCI Express peripherals. A ModBus/TCP modem can be connected to the GW5300 board through one Ethernet port to acquire meter values from the DIRIS A40.
The development of the software prototype is based on the latest version of the OCPP protocol (version 1.6). There are two different implementation approaches that have been proposed by OCA to implement the OCPP protocol. The first one relies on SOAP (Simple Object Access Protocol), a messaging framework for web services that allows to exchange XML-formatted documents between servers and their clients. An alternative approach is based on JASON (JavaScript Object Notation), a lightweight and open datainterchange format that uses human-readable text to transmit data objects consisting of attribute-value pairs. OCPP specifies the JASON format of each OCPP message [18] . However, JASON messages are only information containers and a messaging protocol is needed to provide a full-duplex and bidirectional communication channel between a client and a server application. To cope with this issue, the OCPP prototype exploits a WebSocket framework, which provides full-duplex communications (unlike HTTP protocol, which is half-duplex and it is used in SOAP) over a TCP connection [20] . In this case, the CS is implemented as a WebSocket server and all the connected CPs are the WebSocket clients.
The CP needs to be connected to a URL, for starting a WebSocket connection with the CS. This connection URL is specific and unique for each charge point. In addition, the CP connection URL should contain the CP identity, so CS knows which charge point is related to a WebSocket connection. For instance, if "RDAM 123" is the identifier of a CP that wants to connect to a CS with OCPP endpoint URL "ws: //centralsystem.example.com/ocppj", then, the CP connection URL is simply "ws: //centralsystem.example.com/ocppj/RDAM%20123". It is important to point out that the WebSocket protocol does not provide any mechanism to associate a message to a specific application transaction, or to make dependencies between messages. To address this issue, a web application messaging protocol (WAMP) has been specifically developed for the OCPP prototype, which encapsulates each JASON-formatted OCPP messages into a container (wrapper), specifies the type of message (request, response, error), as well as a message identifier to uniquely identify message exchanges.
The component diagram of the CS software prototype, reported in Fig. 7 , shows that the CS includes an OCPP manager, with a listener module for handling the WebSocket messages from the connected CPs and a sender module to distribute the responses generated by the ResponseBuilder. In addition, there is a Persistence manager for message and data storage, as well as a Smart Charging manager to manage the various charging profiles and their scheduling. A similar structure is also defined for the CP software prototype. For the validation of the OCPP software prototype and the execution of compliance tests, a specific toolkit for simulating charging transactions and sessions between pairs of virtual CP and CS entities has to be developed. 
IV. CONCLUSIONS
In this paper the set-up and configuration of a 1:1 scale laboratory prototype of DC micro-grid architecture, for the integration of PEV with the main grid, has been realized. This prototype also includes a 7.6 kWp PV system based on HIT technology. The control boards of the power converters allow the interaction of the prototype with external control systems, working at higher hierarchical level. For this reason, the prototype has been integrated with a single board computer GW5300, produced by GATEWORKS, for the implementation of OCPP protocol and the acquisition of measuring parameters coming from the DIRIS A40. This allows the DC microgrid prototype to exchange data and commands with any central management system over the Internet, ensuring interoperability and scalability. The integration into existing communication infrastructures is supported by both short-and long-range wireless communication technologies.
The evaluations reported in this paper have shown the convenience of using smart DC architecture, supported by energy storage buffers and RES generation units, to reduce the impact on the main grid of PEV fast charging operations.
